Abstract-Spherical transducers used for HIFU therapy produce small single lesions that are ellipsoidal in shape. These lesions must be placed side by side systematically to treat the tumor with safety margins. This can be difficult to produce in moving organs like the liver. It has been shown that a toroidal transducer makes it possible to significantly increase the focal zone. A toroidal HIFU transducer geometry generates simultaneously a first ring-shaped focal zone and an overlap of ultrasound beams beyond this first focal plane. This particular focalization allows the creation of 7 cm 3 ablated volume in 40 seconds. Although these large single lesions contributes to reduce treatment time, it is still needed to juxtapose 4 to 9 single lesions to treat one liver metastases of 2 cm in diameter with safety margins. In order to improve this treatment, a new toroidal geometry of transducer was developed. The difference is that the overlap of ultrasound beams is now between the transducer and the focal ring. The objective of this work is to combine this new geometry of transducer and the use of electronic focusing in order to create without any mechanical displacement of the device a coagulated volume sufficient for the destruction of a metastasis of 2 to 3 cm in diameter. In vitro tests were conducted to validate the treatment parameters determined using a software developed in the laboratory. The diameter and the depth of the lesion obtained were 40 and 38 mm respectively. In conclusion, these results indicate that the treatment of a metastasis up to 3 cm in diameter in the liver with safety margins is conceivable using this device and no need to juxtapose single lesions.
I. INTRODUCTION
olorectal cancer is among the highest most common causes of cancer death in the western world, ranking second in Europe and third in United states. Nearly half the patients will develop liver metastases at some point during the course of the disease. Hepatic resection is the gold standard in the treatment of colorectal liver metastases [1] and currently is the only treatment that can, to date, ensure long-term survival in 25 -40% of the patients [1] . However, only 20% of patients are suitable for resection. In most patients the number, localization and/or size of the liver metastases or poor hepatic reserve preclude radical hepatic resection [2] . The use of focused ultrasound could represent an alternative to treat these tumors and increase the number of patients treated with a curative intent. The ablation could be realized with a spherical transducer and in this case the elliptical lesions has to be juxtaposed side by side in order to ablate the entire tumor. A toroidal-shaped HIFU medical device was previously developed for the treatment of liver metastases during surgery.
It was showed that this HIFU prototype allowed the creation of large HIFU lesions in the liver and the accurate targeting of localized zones in the tissues [3] [4] [5] . This optimization is an important step forward but the juxtaposition of single lesions remains necessary to treat a metastasis indicated for treatment by physical means (typically metastases with a diameter ≤ 20 mm). The aim of this study is to develop a new geometry of toroidal-shaped HIFU transducer and use electronic beam steering to improve the coagulated volume. The long-term objective is to ablate liver metastases of 20 to 30 mm in diameter with one single lesion.
II. MATERIALS
The ultrasound fields were generated with 32 annular emitters distributed according to a toroidal geometry. A spindle torus is generated by the rotation of a circle around an axis of revolution with a distance between the axis and the center of the circle lower than the radius of the circle. After rotation, the volume obtained is composed of two envelopes that can be used to create a toroidal transducer (Fig 1) . The previous work on toroidal transducers used the outer envelope as a reference surface. In this project, a new transducer, based on the interior part of a torus has been developed. This geometry also generate a focal ring but allows a beams overlap before this focal plane.
The operating frequency was 2.5 MHz. The radius of curvature was 70 mm with a diameter of 67 mm. The transducer was also divided into 32 rings of 78mm2. Using a 32 channels amplifier with a phase resolution of 1.4 degrees, it was possible to change the diameter and depth of the focus circle to maximize dimensions of the lesion. A 7.5 MHz ultrasound imaging probe (Vermon, Tours, France) was placed in a central circular opening of 26 mm and connected to a B-K HAWK 2102 EXL scanner (B-K Medical, Herlev, Denmark) to guide the treatment. The HIFU probe was brought into contact with the liver using a sterile ultrasound cooling and coupling liquid (Ablasonic®, Edap-TMS, Vaulx en Velin, France) contained in a sterile polyurethane envelope (Civco, Kaloma, Iowa, USA). 
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